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CarbonFree or Decarbonized Energy Pathway:

AGreen (wind/solar/hydro) and nuclear electricity direct

A Centralized or distributed
ARequires storage qreakersfor load following

AGreenand nuclearred) hydrogen (electrolysis and pipeline transport)

AFossil fuell{lue) Hydrogen (mostly from natural gas)

Aproduced at fossil production site |
Aproduced at enelise site (precombustion carbon capture) Requires

AFossil plant post combustion (flue gas) carbon capture B g:gig?e
AFossil fueledxy cycle plants
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Pure Hydroge@ompression

Compression Applications

A Pipeline Recompression (1400 psi)

A HeadStation(Electrolyzeor Steam reformer
to Pipeline Pressurer Liquids Plant)

A Fuel Supply to Power Plant

a) Gas Turbin€ombustor Pressueom reformer (500+psi)

b) Storage TanRressure (7000 to 14000 psi
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Hydrogerversus Natural Gas

ALight GasNIW=2):low density, high speed of Natural Gas | Hydrogen
sound, high leakage

A Many effects to piping & compressi@ystems Mol. Wi. 16.8 2.0
AWide flammability range, negativeD
coefficient at pipeline conditions Density 3.4 0.34
A Affectssafety (Ibm/ft?)
Sound Speed 1375 4480
H, (ft/s)
co J T Coeff 0.05 -0.004
(dF/psi)
) 5015 |
, , , . LowerHeating 21013 51598
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Design Challenges of Pure Hydrogen Compress

ALight gas compression
A Low pressure ratio
A Many stages (mechanicabtordynamid or high speed (high stress, novel materials)
A Equation of state

ASealing
A Dynamic (seal leakage, scavenging)
A Static (soft component hydrogen permeability and decompression bubbling)

AMaterials and coatings
A Hydrogen embrittlement (material loses ductility due tppénetration)
A Coating loss andisbonding

ASafety

A Explosivitywide flammability range, dispersion and impact radius, leak detection



Light Gas Compression
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Efficiency is not
significantly
affected.

P=(L)°AT=CL)' W-A(r-cu) = - W°(rzc;:,2-r1 Cr!,}.')

Specific Heat:
Natural gag 2.3 kJkgK
Hydrogeng 14.3 kJkgK




Hydrogen Compression

AFor the same geometry, speed, and number of stages for a hydrogen versus
natural compressor, the hydrogen compressor produces similar head but
significantly lower pressure ratio.

ATo reach a desired pressure ratio, significantly more head is required and
thus more power is required.

ATo achieve desired higher head and higher pressure ratio, one can:
A Increase the rotational speed
Alncrease the impeller diameter
A Increase number of compression stages

AMaterial yield strength is limited to 126i(827MPa) per API to avoid
hydrogen embrittlement. This limits the impeller speed and diameter.

Pure hydrogen compression requires either:
A Large number of compression stages
A High tip speed impellers




Pure Hydrogen Compression

AConventional CompressatZ00 fpstip speed impellers)

AElectrolyzeto Pipeline PR=2.5 40 impellers (% cases)

APipeline recompression PR=1.3 8 impellers (12 cases)

ACGT Fuel Gas Compression PR=2.0 30 impellers (34 cases)
AHigh Speed Compress@400 fpstip speed impellers)

AElectrolyzeto Pipeline PR=2.5 10impellers(2 cases)

APipeline recompression PR=1.3 2 impellers (L case)

ACGT Fuel Gas Compression PR=2.0 8 impellers(2 cases)

High Speed Compressor Challenges:
A Materials

A Seals/Bearings
(@ o e A Drivers




Hydrogen Compression

AElliott has been building hydrogen compressorsae
since 1955 j

AOver 100 hydrogemich compressor trains
produced from2001-2021

AElliott has built compressors for a wide range
application from purénydrogento hydrogen
rich process applications




Advanced Impeller Materials for Hydrogen Servic

AAllow for higher impeller spin speeds with materials with higher
strengthto-density ratio

ACurrent standard is M312H (174 PH stainless steel/10&iminimum yield
strength)

AAPI 617 limits material to 12&imaximum yield strength
ATitanium alloys are not ideal for hydrogen service

Advanced Ceramic Aluminum 6061 or Continuously wound carbon fiber in
Matrix Composites Aluminum7075 epoxy matrix through additive proces



Hydrogen Coatings

A Prevent and limit hydrogen
embrittlement

A Improve erosion and corrosion
resistance

A Anti-fouling

X odzi ff O2FGAy3a
worn away, spalled, or dibonded.

Cannot be used to increase
material yield strength limits for
long term service applications.

g At

SHSyYy udz f f



